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(71) We, ISOCHEM S.A., a French 
Societe Anonyme, of 10, rue Clement Marot, 
75008 Paris, France, do hereby declare the 
invention, for which we pray that a patent 
5 may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment : — 

The present invention is concerned with a 

10 new process of cooking, extruding and ex- 
panding a food mixture, containing starch, 
possibly associated with protein. It also relates 
to the application of the said process for 
preparing in particular dietetic cooked pro- 

15 ducts with fine and regular honeycomb or 
cellular structure of low density, in particular 
" instant " semolina and flour. 

It is known that extrusion cooking, which 
consists first of all of cooking in the mass a 

20 food mixture containing starch, and then 
shaping the cooked mixture by extruding 
through a draw-plate leads, after cutting up 
to the required dimensions, to an expanded 
product which is known by the generic term 

25 of "snack". It is also known that by crush- 
ing snacks prepared from food mixtures con- 
taining starch and proteins, it has been pos- 
sible to obtain dietetic flours and semolinas 
that can be used in particular for making 

30 instant stews and gruels and beverages. 

The technique of extrusion cooking of the 
prior art for making dietetic snacks, in par- 
ticular those described by H. J. H. de Muele- 
naere et al, Food Technology (1969) 23, 

35 71—77, G. C. Mustakas et al, Food Tech- 
nology (1970) 24, 102—108 and M. Andre, 
Industrie Alimentaire Agricole (1970) pages 
1131 — 1140, imply primarily cooking in the 
presence of considerable humidity (25 to 30% 

40 by weight, including the water of constitution), 
the contribution of water being essential to 
obtain expansive extrusion by means of a 
* draw-plate. To lessen the water content from 
1 to 3% it is known that the incorporation 

45 of an emulsifier in the food mixture has been 
, envisaged. 

A comparison of the extrusion cooking 
devices made by the authors mentioned above, 
in particular by H. J. H. de Muelenaere et al 



and Mustakas et al, has shown that the ex- 50 
truder cooker of the most efficient type was 
a device provided with an extrusion worm, 
for preference with double thread, and advan- 
tageously heated with steam, which device 
is possibly provided with a pre-cooking worm 55 
which is arranged below the charging store. 

Generally speaking, extruder cookers of this 
type, of the " single worm " type, so-called 
owing to the presence of only one extrusion 
worm, operate at a temperature from 120° 60 
to 140 °C (inner temperature, i.e. that of the 
mix being treated). This type of extruder 
cooker includes the device that is described 
in British Patent No. 1,174,906. 

It has been found with some surprise that 65 
it is possible to prepare sterile snacks from 
a macrobiological point of view, and useful 
in dietectics and/or for therapy, with sub- 
stantial saving in the cost of power, by limit- 
ing as far as possible the quantity of water 70 
to be added to the raw food mixture before 
being treated. 

It has been possible to put the invention 
into effect by determining three critical fac- 
tors: — 75 

The total water content of the mixture 
being treated; 

The absence or low content of fats in the 
said mixture; and 

The material needed for carrying out the 80 
process for cooking, extrusion, expansion. 

The total water content will be from 14 
to 16% by weight in relation to the weight 
of the mixture of raw food. This total water 
content corresponds practically to the content 85 
of water of constitution, also termed "resi- 
dual humidity" of flours and semolinas of 
raw cereals. In this case, the continuous treat- 
ment is carried out without the contribution 
of water, the continuous cooking of the starch 90 
being carried out solely in the presence of 
the actual humidity of the starch. 

On the other hand, if the continuous cook- 
ing is performed of a pretreated starch, i.e. 
having low residual humidity, water is added 95 
to the mixture to obtain a total water con- 
tent of 14 to 16% by weight. 

It has moreover been possible to observe 
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that the technique of extrusion cooking with 
a total water content of 14 to 16% made 
possible shorter lengths of treatment than those 
of prior art, and avoided the consumption of 
5 energy for drying the snacks after extrusion. 
According to the processes of prior art, a 
snack is extruded which has at least a water 
content of 20 to 25%, while according to 
the proposed process a snack is obtained 

10 having a maximum of 6 to 8% residual water, 
and this water content must afterwards be 
lowered to 4% to produce instant flour and 
semolina. This difference in the water con- 
tent of the products that have just been ex- 

15 truded leads to savings of energy and equip- 
ment for drying. Experience shows that an 
extruded and finely honeycombed product ob- 
tained according to the process to be described 
below and containing 7% humidity is rigid, 

20 dries very rapidly by warm air ventilation, 
the crushing of the extrudate and its trans- 
formation into semolina making it possible 
to obtain direct a granulated product contain- 
ing 4 to 5% water. Thus the process of the 

25 invention leads to the obtaining of a finished 
product without it being necessary to make 
provision for the troublesome use of the com- 
plicated drying devices of prior art, to obtain 
a humidity content of 4 to 5% by weight. 

30 One of the aims of the invention is to 
preserve without deterioration the essential 
amino acids, and without great change the 
vitamins of the B group that are contained 
in the raw food. This is advantageously ob- 

35 tained by the fact that no water is added 
during the continuous cooking process, or else 
only a very small quantity of water is added 
and heating is performed for very short 
periods at a high temperature. This consti- 

40 tutes a considerable advantage in relation to 
the extrusion cooking techniques of prior art. 

Another aim of the invention is to prepare 
dietetic products from raw starch and soya, 
while destroying the micro-organisms con- 

45 tained in the soya, the trypsic inhibitors and 
the odour of the soya. These perfectly 
balanced dietetic products may con- 
tain up to 25% by weight of proteins or more, 
which it was difficult to carry out and to 

50 conceive of by extrusion cooking in a single 
operation hitherto without continuous humidi- 
fication. 

The process of cooking, extrusion and ex- 
pansion, according to the invention, of the 

55 food mixture containing starch, possibly asso- 
ciated with protein substances and vitamins, 
is such that the food mixture which contains 
the crude starch, a quantity of fatty materials 
from 0 to 2% by weight in relation to the 

60 weight of the said food mixture and a total 
quantity of water from 14 to 16% by weight 
in relation to the weight of the said food 
mixture, is cooked, extruded and expanded 
by means of an extrusion press having (a) 

65 two co-penetrating worms and a draw-plate 



preventing the stagnation of the material and 
(b) at least one heating device. 

According to a preferred embodiment, the 
food mixture is subjected to heat treatment 
at a pressure equal to or greater than 200 s 70 
kg/cm 2 for 20 to 150 seconds. 

For preference, the heat treatment com- 
prises at least two stages: preheating to 40° C , 
and heating to a temperature between about 
120° and 180°C. Between preheating at 40°C 75 
and heating at 120°— 180°C, as well as 
during the said heating to 120°— 180°C, it 
is possible to envisage several stages of in- 
creasing temperature. 

It is essential that the original food mix- 80 
ture should contain little or no fats; the 
maximum content of fats that is tolerated is 
2% by weight in relation to the weight of 
the said mixture. Indeed, if the fat content 
is higher, extrusion is still performed, but 85 
its expansion is much reduced. 

Not all the extrusion cooking devices are 
suitable for effecting expansion according to 
the process of the invention. Indeed, expan- 
sion is impossible with the extrusion devices 90 
of the single screw type of the prior art, which 
were specially designed for the food industry. 
It has been possible to carry out the present 
process thanks to a device with two co-pene- 
trating extrusion worms, initially intended for 95 
the extrusion of plastics as described in 
French Patents No. 1,320,462, 1,323,575 and 
1,337,310. 

In the course of carrying out the process 
of the invention good results were obtained 100 
in particular with two extruders for plastics 
materials made by Messrs. Creusot-Loire 
(types BC 45 and BC 72). 

The extruder BC 45 comprises a compres- 
sion tube of 60 cm inside which the two co- 105 
penetrating worms, rotating in the same direc- 
tion, have a speed of rotation of 28 to 30 
r.p.m. (the "single worm" devices operate 
at over 300 r.p.m.). Heating is by induction 
with at least two heating rings, the former 1 10 
for preheating to 40°C, and the latter for 
obtaining cooking between 120° and 180°C. 
By way of example with three heating rings, 
the heat treatment comprises in particular 
preheating at 40 °C for 40 seconds, heating 1 15 
at 120° C for 40 seconds and then a find 
heating at 160°C for 40 seconds, or possibly 
a preheating at 40°C for 50 seconds, heating 
at 70°C for 40 seconds and then heating 
at 170°— 180°C for 30 seconds. The delivery 120 
of finished products (snacks) is 30 to 40 
kg/h with this type of extruder. 

Generally speaking, the heat treatment is ? 
performed for 20 to 150 seconds according 
to the speed of rotation and the models of 125 
the double worm press. 

With the devices described above, good ~~ 
results were obtained with the manufacture 
of snacks based on raw soya, deoiled with 
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hexane, on the one hand, and maize or rice 
on the other, the induction heating of the 
extruders of types BC 45 and BC 72 avoid- 
ing in particular the presence of steam in 
5 , the manufacturing workshop. 

The sources of starch consist of cereal 
semolina, degermed maize, rice, wheat, sorg- 
hum, oats, barley, tapioca. It is of course also 
possible to use the starch contained in de- 
10 hydrated potato, banana, manioc, and gener- 
ally speaking vegetable powder, such as de- 
hydrated fruit and vegetables. It is of course 
also possible to make use of starch modified 
by chemical or physical means. The sources 
15 of starch that are preferred according to the 
process of the invention are degermed maize, 
semolina, raw rice and wheat. 

Besides starch, the food mixture may con- 
tain other ingredients such as proteins (soya 
20 proteins, suitably defatted meat or fish pro- 
teins, and lactoproteins), amino acids, vita- 
mins, salts (for instance NaCl, CaCO s , 
CaHS0 4 , mineral oligoelements and if neces- 
sary ingredients such as sugar, colouring mat- 
25 ter and aromas. 

Uncrushed snacks may be coated with fats, 
sugar, colouring matter and aromas; on the 
other hand crushed snacks with a view to use 
as instant flour for gruels and beverages, may 
30 not contain such ingredients. 

According to the process of the invention, 
it is possible to prepare dietetic snacks con- 
taining up to 25% and more of proteins 
(without decrease in the dispersion of the 
35 product and its swelling in water), but as 
a rule the proteins will be contributed by 
the soya, milk proteins and fish or meat pro- 
teins. Preferred starch and protein snacks are 
those which contain on the one hand soya and 
40 on the other degermed maize and/or rice; 
it is thus possible to prepare balanced nutrient 
foods similar to those of the C.S.M. type 
(corn-soya-milk) and R.S.M. (rice-soya-milk), 
advocated by Unicef for underfed popula- 
45 tions. 

It is of course also possible to incorporate 
amino acids (methionin and lysin for instance), 
taking into account the diet being proposed 
as well as semolina of dehydrated fruit and 
50 vegetables. 

The extruder may have draw-plates of dia- 
meter varying from 2 to 6 mm and of oval 
section for the preparation of the expanded 
extrudate which is intended to be crushed to 
55 instant flour and semolina. The amount of 
expansion is an inverse function of the pro- 
tein content. 

With a 4 mm draw-plate there will be ob- 
tained for instance, for a content of 14 to 
60 16% by weight water of constitution before 
treatment, a sausage having a diameter of 
14 to 16 mm and a density of 0.22. With 
the same draw-plate, if the protein content 
exceeds 20% by weight the expansion is less, 



but still acceptable and a sausage is obtained 
of 8 to 12 mm diameter and with fine honey- 
combing. 

Moreover, with an extruder furnishing a 
delivery of 100—110 kg/h of expanded pro- 
ducts from an initial mixture containing about 
15% by weight of water of constitution, in 
particular with the Creusot-Loire extruder 
type BC 72, it is as well to moisten at the 
moment of starting the first five kilogrammes 
approximately of initial mixture with 500 g 
water, after which the first 4 to 5 kilo- 
grammes of expanded products are discarded, 
extrusion, cooking and expansion then taking 
place without any continuous contribution of 
water for 24 hours out of 24 until the machine 
is stopped. 

This contribution of water in starting is 
designed to lubricate the first 2 co-penetrat- 
ing screws or worms as well as all the other 
parts of the machine. This contribution of 
water takes place only when the initial mix- 
ture only contains 14 to 16% residual humid- 
ity. If the residual humidity of the initial 
mixture is less, since water is added to top 
up to 14 — 16% the content of drinking water, 
it is no longer necessary to add water in the 
starting phase. 

In practice, with the extruder BC 72, a 
little water will therefore have to be added 
on starting each time an initial mixture is 
treated with 14 to 16% residual humidity, 
comprising (a) raw maize or wheat starch, 
and (b) deoiled raw soya, or milk lacto- 
proteins, the protein content being between 
15 and 30% by weight in relation to the 
weight of the initial mixture. 

Besides purely dietetic applications, the pro- 
cess according to the invention also makes 
it possible to prepare dietetico-therapeutic 
products, in particular anti-diarrhoea products 
based an carob pulp, dehydrated carrot, or 
soya associated with tannin. Further advan- 
tages and characteristics of the invention will 
be better understood by reference to the fol- 
lowing examples of preparation which are 
given by way of illustration only. 



Example 1 
Hyposoda protein food 
With a Creusot-Loire extruder of type BC 
45 with three heating rings (temperature and 
length of passage of the treated mass for 
each of the rings respectively; 40°C, 40 
seconds; 120°C, 40 seconds; then 160°C, 
40 seconds), a cooked, extruded and expanded 
product was prepared containing 7.27% by 
weight of humidity, 0.03% by weight of Na, 
18.30% by weight of proteins, 1.70% by 
weight of lipids, 71.68% by weight of gly- 
cids and 0.84% of minerals from an initial 
food mixture comprising: 
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fine decorticated raw rice or 
degermed raw maize semolina 

milk powder proteins containing 
75% by weight of lactoprotein 



Parts by 
weight 

85 

15 



fine crude rice semolina (12% 

residual humidity) 33.2 

NaCl 1.00 

CaC0 3 0.80 

vanillin 0.02 



„ 65 



Note: The milk protein is in the form of 
powder prepared by acid flocculation from 
lactoserum: the water content (water of con- 
stitution) of the initial mixture is 15%). 

By crushing and cold dispersion in water 
(3 to 5 volumes of water), a gruel is obtained 
whose thickening persists for several hours. 

Example 2 
Composition of anti-diarrhoea foods 
With^ a Creusot-Loire extruder, type BC 
45 having three heating rings, temperature 
and passage time of the treated mix for each 
of the rings respectively: 40°Q 50 seconds; 
70°C, 40 seconds; then 170°— 180°C, 30 
seconds), an anti-diarrhoea food composition 
was prepared from the following ingredients : 



dehydrated carrot (6% residual 

humidity 
deoiled raw soya flour (containing 

50% protein and 8% residual 

humidity) 
pure oak bark tannin 
NaCl 
CaC0 3 

seeded and powdered carob pulp 

(6% humidity) 
fine raw rice semolina (12% 

humidity) 
vanillin 



Parts by 
weight 



2.40 
0.60 
1.00 
0.8 

10.00 

79.20 
0.02 



The residual humidity of the initial mix- 
ture being about 10%, 5% water is added 
so as to be able to extrude a mix which 
only contains 60% of true starch. The total 
water content is about 15%. The final snack 
has a residual humidity of 7% by weight. 
By crushing and drying in a stream of air, 
a powder is obtained which has a residual 
humidity of 4.5% by weight. 

Example 3 
Anti-diarrhoea food composition 
^ This example as concerned with a prepara- 
tion based on carob, which is similar to the 
speciality termed " Caruba containing to 
start with: 

Parts by 
weight 

seeded carob pulp, dried and 
powdered (6% residual 
humidity) 50 

deoiled sunflower aleurone con- 
taining 50% by weight proteins 
(residual humidity 8%) 15 



As the content of water of constitution is 
about 8%,, humidification with 7% water is 
needed to arrive at 15% humidity as in the ' 
case of a cereal semolina without the addi- 
tion of protein. 70 

A Creusot-Loire extruder type BC 72 is 
used having four heating rings (temperature 
and passage time for each of the rings res- 
pectively: 40°C, 10 seconds; 120°C, 10 
seconds; 160°C, 7 seconds; then 180°C, 3 75 
seconds). A snack is obtained having a resi- 
dual humidity of about 6% by weight. By 
crushing and drying in a stream of air, a 
powder is obtained having a residual humidity 
of 4% by weight. This final powder, which 80 
is very readily dispersible in water in the 
cold state (there is a continuous aqueous 
phase) can be used for preparing feeding 
bottles. 

As regards the use of the snacks obtained 85 
according to the process of the invention, the 
following details are given: 

1. Semolina and flour derived from the 
crushing of snacks can have a grain size 

of 400 to 600 microns. These products, 90 
diluted in 4 to 5 times their weight of water, 
furnish dispersions which thicken very 
quickly. The speed of hydration and the 
maintenance of a feeling of grains on tasting 
depending solely on the coarseness of the 95 
semolina, lumps are never formed during dilu- 
tion, which is performed without precaution 
and in 30 seconds, for a dilution of 1/4 or 
1/5, according to the type of starch, and 
the container may be inverted, the gel being 100 
rigid like a gelatinous product. For pro- 
ducts of the compote type, sweet dishes, and 
above all gruels for feeding to children from 
the 5th to 6th month onwards, the prepara- 
tion of formulae treated by this technique, or 105 
above all the addition of fine semolina, which 
may if necessary be coloured with edible red 
or chlorophyll green, or carrot red, will make 
it possible to impart body when used as addi- 
tions to existing formulae, and in all cases 110 
it is likely that a mixture of amylon 7 (giv- 
ing the appearance of pecten gel, fruit paste), 
together with a rice starch thus treated, will 
allow the instantaneous thickening of sweet 
courses containing milk in particular. 115 

2. The products intended for feeding to 
children, such as stewed fruit dishes and 
gruels, can be made directly from starch and * 
other ingredients or in two stages by cook- 
ing, extruding and expansion of the starch 120 
and then by the incorporation of the other , 
ingredients. This latter solution has to be " 
employed as soon as the fat content is higher 
than 2% by weight. Thus, whatever the solu- 
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tion adopted, it is possible to prepare food 
compositions coloured carrot red or chloro- 
phyll green. As regards the sweet dishes, the 
association of a rice starch treated according 
S to the invention, with a pectin, ensures instant 
thickening, especially for milk sweets and 
puddings. 

3. In general, the thickening mentioned 
above is durable for more than 10 hours 
10 from the minute following dilution. 

WHAT WE CLAIM IS: — 

1. A process for cooking, extruding and 
expanding a food mixture containing starch, 
possibly associated with vitamins and protein 

15 materials by means of an extrusion press, 
wherein the food mixture which contains raw 
starch, a quantity of fats from 0 to 2% by 
weight in relation to the weight of the said 
food mixture and a total amount of water 

20 of 14 to 16% by weight in relation to the 
weight of the said food mixture, is cooked, 
extruded and expanded by means of an ex- 
trusion press having (a) two co-penetrating 
worms and a draw plate avoiding the stagna- 

25 tion of material and (b) at least one heating 
device. 

2. A process according to Claim 1, char- 
acterised in that the food mixture is sub- 
jected to heat treatment at a pressure greater 

30 than or equal to 200 kg/cm 2 for 20 to 150 
seconds. 

3. A process according to Claim 2, wherein 
the heat treatment comprises at least two 
stages, one consisting of preheating to 40 °C 

35 and the other of heating to a temperature 
between 120° and 180°C. 

4. A process according to Claim 3, wherein 
the heat treatment comprises preheating at 
40°C for 40 seconds, heating at 120°C for 

40 40 seconds and then heating at 160°C for 
40 seconds. 

5. A process according to Claim 3, wherein 
the heat treatment comprises preheating to 
40°C for 50 seconds, heating to 70°C for 

45 40 seconds and then heating at 170°C to 
180°C for 30 seconds. 

6. A process according to Claim 3, wherein 
th heat treatment comprises preheating at 
40°C for 10 seconds, heating to 120°C for 10 

50 seconds, heating to 160°C for 7 seconds then 
heating to 180°C for 3 seconds. 

7. A process according to any of Claims 



1 to 6, wherein the starch is selected from 
maize, rice and wheat starch, and in that the 
protein substances are selected from soya, 
milk, deoiled sunflower aleurone, meat and 
fish proteins. 

8. A process according to any of Claims 
1 to 7, wherein the food mixture comprises 
15 parts by weight of a dry extract of iacto- 
serum containing 75 % by weight lactoproteins 
and 85 parts by weight of semolina from 
cereals selected from raw rice or degermed 
raw maize. 

9. A process according to any of Claims 
1 to 7 wherein the food mixture contains 
50 parts by weight of seeded and dried carob 
pulp, 15 parts by weight of deoiled sunflower 
aleurone and containing 50% by weight of 
protein in relation to the weight of sunflower 
aleurone, 33.2 parts by weight of rice semo- 
lina, 1 part by weight of NaCl, 0.80 part 
of CaC0 3 and 0.02 part by weight vanillin. 

10. A process according to any of Claims 
1 to 7, wherein the food mixture contains 
6 parts by weight of dehydrated carrots con- 
taining 6% by weight residual humidity, 2.40 
parts by weight of deoiled raw soya and hav- 
ing a protein content of 50% by weight, 0.6 
parts by weight of oak bark tannin, 1 part 
by weight NaCl, 0.80 part by weight CaC0 3 , 
10 parts by weight dehydrated seeded carob 
pulp containing 6% by weight residual 
humidity, 79.20 parts by weight raw rice 
containing 12% by weight residual humidity 
and 0.02 part by weight vanillin. 

11. A process according to any of Claims 
1 to 10 wherein the initial extruded portion 
of mixture has water added thereto to aid in 
moistening the extrusion press. 

12. A process as claimed in Claim 1 and 
substantially as herein described. 

13. A process substantially as herein des- 
cribed in any one of the accompanying ex- 
amples. 

14. Dietetic and dietetico-therapeutic pro- 
ducts obtained according to the process of 
any of the Claims 1 to 13. 

WYNNE-JONES & LAINE, 
Chartered Patent Agents, 
22 Rodney Road, 
Cheltenham. 
Agents for the Applicants. 
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